Chloroquine, together with its hydroxyl derivative hydroxychloroquine, was initially used as an antimalarial agent, but is also useful in the treatment of autoimmune diseases such as rheumatoid arthritis and systemic lupus erythematosus (SLE). Chloroquine and hydroxychloroquine are approved for the treatment of SLE and have been shown to reduce the frequency of disease flares (particularly of lupus nephritis), contribute to the maintenance of remission, prolong the onset of disease and reduce the risk of complications.^[@CR1],[@CR2],[@CR3],[@CR4],[@CR5]^ Beyond their immunomodulatory effects in SLE, these agents have also been shown to protect against thrombotic events,^[@CR2]^ improve glucose and lipid profiles, and prevent renal damage,^[@CR6]^ apparently resulting in reduced cardiovascular risk, for which SLE is an independent risk factor. Ultimately, an increased rate of survival has been reported in SLE patients taking antimalarial agents.^[@CR3],[@CR4]^

Antimalarial agents are inexpensive, especially compared with treatments used more recently in SLE patients, and also have a good overall tolerability profile, with the exception of a risk of retinal toxicity. To date, antimalarial agents have not been reliably linked to an increased incidence of infections as has been known to occur with use of other immunosuppressive drugs. In this context, and surprisingly, a recent nested case--control study aiming to identify factors predictive of infectious complications^[@CR7]^ reported that SLE patients treated with antimalarial agents had a lower risk of major infections (odds ratio \[OR\] 0.06, 95% CI 0.02--0.18), whereas prednisone treatment (OR 1.12, 95% CI 1.04--1.19) and lung involvement (OR 4.41, 95% CI 1.06--18.36) increased this risk. Interestingly, the median dose of prednisone in patients with major infections was 7.5 mg per day, and each 10 mg per day dose increase led to an 11-fold increase in infection risk. Cyclophosphamide exposure and overt lupus nephritis were not associated with enhanced infection risk in this study, probably because an insufficient number of patients was included.

Although this study by Ruiz-Irastorza and colleagues^[@CR7]^ was limited by the inclusion of only 83 cases of SLE and 166 controls, it did show that the risk of major infections is 16 times lower in patients treated with antimalarial agents than those who were not. This effect of antimalarials is consistent with observations from two previous studies in SLE.^[@CR4],[@CR8]^ One retrospective study of patients with lupus nephritis identified a lower frequency of infections among patients previously treated with antimalarial agents.^[@CR4]^ Another study in patients with SLE^[@CR8]^ found that hydroxychloroquine treatment led to a lower risk of major infections, giving an OR of 0.05 (95% CI 0.01--0.23); this is comparable to that of the study by Ruiz-Irastorza and colleagues^[@CR7]^ which was partly corrected for disease activity.

Although prospective studies are needed to confirm these data, an assessment of the value of antimalarial agents, especially hydroxychloroquine, requires a re-evaluation of their underlying mechanisms of action. Beyond their benefits of clinical prevention of lupus flares, increased patient survival, prevention of severe organ damage, thrombosis and bone mass loss, and possible use in pregnant patients, indicators for reduced major infections might shed new light on antimalarial agents as a \'magic therapeutic bullet\'. Most noteworthy, a similar reduction in infections with hydroxychloroquine use has been observed in patients with rheumatoid arthritis, which suggests that the reduction of infections might not be restricted to SLE.^[@CR9]^

Usually, a key factor in considering immunosuppressive therapy for the treatment of patients with SLE is a substantially increased risk of infections. Immunosuppressive drugs, most notably steroids, as well as SLE activity, the presence of lupus nephritis or low serum complement levels have all been shown to increase the rate of infections. Although the intimate interrelationship between disease activity and choice of therapy intensity is critical in systemic autoimmune disease, one rule of clinical practice says that intensive therapy in patients with very active disease increases the risk of infections. How are antimalarial agents able to break this rule?

Even if the data by Ruiz-Istorza *et al*.^[@CR7]^ can be confirmed in clinical prospective studies, we are still left with uncertainty about the unique underlying immunomodulatory and anti-infective effects of antimalarial agents. Originally used as antiparasitic agents, antimalarial drugs have also been shown to have antimicrobial effects,^[@CR10]^ at least *in vitro*, against bacteria, such as *Tropheryma whippelii*, *Staphylococcus aureus*, *Legionella pneumophila*, *Mycobacterium* species, *Salmonella typhi*, *Escherichia coli* and *Borrelia burgdorferi*, fungi,^[@CR10]^ and viruses including HIV, severe acute respiratory syndrome (SARS) coronavirus and others.^[@CR7],[@CR10]^ This remarkable combination of immunomodulatory effects and effects against a variety of microbes is noteworthy and indicates hitherto unknown pathways of immune intervention and protection, respectively.

Two major concepts have been postulated to explain the mechanisms of action of antimalarial agents. First, alkalinization of phagolysosomes kills intracellular bacteria and fungi and, second, blockade of several steps of viral entry and protein glycosylation prevents the spread of viruses.^[@CR10]^ The antibacterial and antifungal effects of antimalarial agents appear to be linked to interference with antigen presentation, which is mediated by pH-dependent iron deprivation and by increasing the phagolysosomal pH; this ultimately leads to reduced immune system activation and inhibits the growth of intracellular organisms.^[@CR10]^ Moreover, the basic intracellular pH induced by antimalarial agents could have antiviral effects and result in the blockade of hydrolases and post-translational modifications, including inhibition of glycosylation of newly synthesized proteins. Notably, glycosylation inhibition might lead to interactions of chloroquine with sugar-modifying enzymes or glycosyltransferases and could account for effects on a number of processes that are sialic-acid dependent, including intracellular as well as extracellular functions (for example, binding to surface receptors).

A third and rather appealing concept hypothesizes that interference with innate immune activation, that is, by blocking Toll-like receptor (TLR) 3, TLR7 and TLR9, could be responsible for a number of effects of antimalarial agents. Thus, antimalarial agents can interfere with intracellular recognition of nucleic-acid-binding by TLR7 and TLR9, which are harbored in intracellular compartments and block the activation of interferon in SLE. Since TLR recognition is also involved in protection against infection, a tempting idea is that antimalarial agents lead to prominent TLR inhibition by changing the intracellular pH.

Despite reports of the valuable clinical effects of antimalarial agents in SLE, we still need additional confirmation from clinical studies as well as more-detailed basic studies to decipher their mechanisms of action. Since only about 40--50% of patients with SLE are treated with antimalarial agents, the available data on these drugs demand reconsideration of their pleiotropic effects in SLE patients where not contraindicated. Ultimately, a better understanding of the individual effects of antimalarial agents could pave the way for innovative drugs that combine immunomodulatory and anti-infective potency, or that even provide new etiopathogenic insights into SLE.
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